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METHOD FOR INHIBITING MYOCARDIAL CELL NECROSIS AND PRESERVING HEART FUNCTION DURING 

MYOCARDIAL ISCHEMIA AND/OR REPERFUSION 

The present invention relates to a nnethod for inhibiting myocardial cell necrosis and innproving 
myocardial function in nnammalian species during myocardiai ischennia and/or reperfusion by adnninistering 
a potent potassium channel activator to enhance the recovery of heart function. 

Blood flow reductions in the heart can result in dysfunction of this organ and cell death if the flow 
5 reduction is severe enough. Restoration of coronary blood flow early during a heart attack is beconning a 
clinical ^eality with the advent and improvements in thrombolytic, mechanical, and surgical interventions. 
While early restoration of blood flow, for example, by thrombolysis or following transient ischemia, can 
prevent or mitigate the degree of cell death (infarction) occurring, reperfusion can stili result in some degree 
of cardiac dysfunction or cell death (also referred to as stunned myocardia). Thus, it would be of great 
10 clinical value to find a means to preserve reoerfusion function or cell viability of the heart. 

Recently, a nev/ class of compounds has been described and labeled potassium channel activators 
(PCA), Cock, N.S. "The pharmacology of potassium channels and their therapeutic potential," TIPS 9:21, 
1988. Cook indicates "that the cellular site of action of a number of drugs used therapeutically seems to 
involve the modulation of membrane K* channels" and that "opening of K* channels by a new class of 
75 drugs appears to underlie their relaxation of a variety of smooth muscles" because of their ability to 
hyperpolarize and thus relax these cells. 

Examples of such PCA drugs or compounds include ( + )-2-cyano-1-(4-pyridyI)-3-(1,2.2-trimethylpropyl)- 
guanidine (hereinafter refen-ed to as pinacidil) and (±)-6-cyano-3.4-dihydro-2,2-dimethyl-trans-4-(2-oxo-1- 
pyrrolidyl)-2H-ben2o[b]-pyrar>-3-ol (hereinafter referred to as cromakalim or BRL 34915). 
20 Other examples of compounds which are potassium channel activators but which have substantially 
weaker PCA activity include N-(2-hydroxyethyl)nicotinamide nitrate ester (hereinafter referred to as nicoran- 
dil) and 6-amino-1,2-dihydro-1-hydroxy-2-imino-4-piperidinopyrimidine (hereinafter referred to a minoxidil). 

The above PCA compounds have been found to reduce blood pressure and thus may be useful as 
antihypertensive agents. 

25 Imai, N., et al, "Comparative effects of nitroprusside and pinacidil on myocardial blood flow and infarct 
size in awake dogs with acute myocardial infarction." Circulation 77:705, 1988, discloses that pinacidil, a 
coronary vasodilator, has no effect on either blood flow to ischemic myocardium or infarct size. Gross, G. J., 
et al. "Comparative Effects of Nicorandil. Nitroglycenn, Nicotinic Acid and SG-86 on the Metabolic Status 
and Functional Recovery of the Ischemic-Reoerfused Myocardium. J. Cardiovascular Pharmacology, 10 

30 (Suppl. 8):S76-S84 (1987), disclose that "nicorandil and nicotinic acid infusion prior to and during a 15-min 
coronary occlusion resulted in a significantly improved recovery of mycocardiat segment function (%SS. 
dUdt) during a 3-h reperfusion period.... However, blood flow was more homogeneously distributed between 
ischemic and nonischemic regions following nicorandil treatment during reperfusion...." (page S83). It is 
believed that nicorandil's improvement of post-iscnemic function is probably due to its nitrate-like action (for 

35 instance like nitroglycerin) and not due to its weak potency as a potassium channel activator (Taira, N., 
"Similarity and Dissimilarity in the Mode and Mechanism of Action between Nicorandil and Classical 
Nitrates: An Overview", J. Cardiovascular Pharmacology, 10 (Suppl. 8):S1-S9 (1987). 

In accordance with the present invention, a method is provided for inhibiting myocardiai cell necrosis 
and improving myocardial function in mammalian species during myocardial ischemia and/or reperfusion to 

40 improve heart function, wherein a therapeutically effective amount of a potent potassium channel activator is 
systemically administered, such as orally or parenterally, or by catheter, prior to, during or after reperfusion. 

The term "reperfusion" is employed herein to refer to release of occlusion and resumption of blood 
flow. 

It has been found that the potent potassium cliannel activator improves performance of the heart during 
45 and after myocardial ischemia when administered during both the coronary occlusion period and the 
reperfusion period or only during the reperfusion period. Such improvement in performance of the heart is 
evidenced by decreased contractile dysfunction and decrease in tissue necrosis (as measured by lactate 
dehydrogenase release). 

Potassium channel activators which are suitable for use herein are those which exhibit potent inhibition 
50 of spontaneous mechanical activity in rat portal vein as described hereinafter, that is, an ICso (50% of the 
maximum inhibition) of less than 2 uM. Examples of such potassium channel activators suitable for use 
herein include cromakalim which has an ICso of about 0.12 uM and pinacidil which as an IC so of about 
0.15 uM. 

In carrying out the method of the present invention, the potassium channel activator may be admin- 
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istered to mammaiian species, such as monkeys, dogs, cats, rats, humans, etc. dunng the oenoc o: 
coronary occlusion and/or during the period of reperfusion and/or shortly after termination of the ischemic 
attack, for example within 1 to 2 hours after the ischemia. 

Although the potassium channel activator may be administered systemically, such as orally or 
5 parenteraliy. it is preferred that the potassium channe! activator be administered locally to the coronary 
arteries by catheter such as by arterial angiography or intracoronary injection. 

With regard to dosage of potassium channel activator, where the drug is administered by arterial 
angeography or intracoronary injection, from about 0.001 tc about 30 mg/kg/treatment and preferably from 
about 0.5 to about 25 mg/kg/treatment will be employed. The number of treatments will depend upon the 
70 length of the ischemic attack and the progress of reperfusion to achieve norma! heart function. Usually, from 
1 to 5 treatments per day will be required for as long as contractile dysfunction continues. 

Where the potassium channel activator is to be administered by angiography or intracoronary injection, 
it will be formulated in a conventional vehicle, such as distilled water, saline. Ringer's solution, or other 
conventional carriers. 

75 The potassium channel activator may also be incorporated in a conventional dosage form, such as a 
tablet, capsule, elixir or injectable. Tne above dosage forms will also include the necessary carrier material, 
exciDient. lubricant buffer, antibacterial, bulking agent (such as mannitoi). anti-oxidants (ascorbic acid of 
sodium bisulfite) or the like. Oral dosage fomns are preferred, although parenteral forms are quite 
satisfactory as well. 

20 With regard to such systemic formulations, single or divided doses of from about 5 to about 2500 mg, 
preferaoly from about 10 to 2000 mg/one to four times daily, may be administered in systemic dosage 
forms as described above for a period sufficient to restore normal heart function. 

Figure 1 is a graph of the cumulative concentration response curves for inhibition of spontaneous 
force development in rat portal veins: 

25 Rgure 2 is a graph of cumulative concentration response cun/es for affecting the frequency of 

spontaneous contractions; 

Figure 3 are graphs of end diastolic pressure (EDP), reperfusion function and lactate dehydrogenase 
(LDH) release for each of vehicle, nicorandil and pinacidil; and 

Figure 4 are graphs of lactate dehydrogenase (LDH) release and reperfusion function for each of 
30 vehicle and cromakalim (BRL 34915) at concentrations of 1 uM and 7 uM. 

Example A 
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Design of In Vitro Screen for Identification of "Potent" Potassium Channel Activators Suitable for Use Herein 



40 

Methods 



Solutions: 

45 

A bicarbonate buffered physiological salt solution (PSS) was used containing, in mM: 118.4 NaCI. 4.7 
KCl, 1.2 KH2pOi 1.2 f^gSOi, 2.5 CaCl2. 25.0 NaHCOs and 11.7 glucose. PSS with varying concentrations 
of KCl was prepared by addition of appropriate amounts of KCl from a 4M KCl stock. Calcium free PSS was 
prepared by deletion of CaCIs and addition of 1.0 mM [ethylenebis(oxyethylenitrilo)]tetraacetic acid (EGTA). 
50 All solutions were aerated with 95% 02-5% CO2 such that the pH was 7.4. Experiments were conducted at 
37 * C 

Stock solutions of test compounds were prepared daily. The compounds were dissolved in water or 
DfVISO as appropriate. 

55 

Tissue Preparation: 

Normotensive male Wistar Kyoto rats approximately 14 weeks old were sacrificed using CO2. The 
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thoracic aorta and portal vein were quickly removed and placed into cold PSS. Blood was rinsed from the 
lumen and adherent connective tissue was carefully removed. Rings approximately 4 mm in wicfth were cut 
from each aorta. The endothelium was mechanically removed by inserting a wire into the lumen and gently 
rolling the nng on fitter paper moistened with PSS. The aortic rings were mounted on stainless steel tissue 
5 wires attached to tissue holders. An intact segment of portal vein extending approximately 2 cm from the 
liver hiius was mounted longitudinally on tissue holders. The tissues were suspended in individual 20 ml 
organ chambers and connected to a micrometer for control of tissue length and a Grass FT. 03 force 
transducer. Mechanical responses were recorded on Grass Model 7D polygraphs. 
The following compounds were tested. 

70 

Table I. 



Primary mechanisms of action of vasodilators. 


Mechanism of 
Action 


Compounds Tested 


Potassium 

channel 

activation 

Guanylate 

cyclase 

activator 


Chromakalim (BRL 34915), pinacidil, nicorandil, minoxidil, minoxidil sulfate, SQ 32.844 
(trans)-4-amino-3.4-dihydro-3-hydroxy-2,2-dimethyi-2H-1-ben2opyran-6-carbonitrile 

Na nitroprusside, nicorandil. 8-Br cyclic GMP 



25 



Experimental Protocol: 

30 The rat portal vein segments were gradually stretched over a 1 to 2 hour equilibration pehod to a 
preload of 0.5 g. When the frequency and height of the spontaneous twitches had stabilized, propranolol (1 
uM) was added and cumulative concentration response curves were obtained for the test compounds. A 
steady state reduction of the twitch height and frequency was reached before the next concentration was 
aoded. 

35 

Evaluation of Results: 

Force development by the portal vein segments was determined at the peak of the twitch. The effect of 
40 each compound on force was calculated relative to the force in its absence. IC50 values were determined at 
the concentration where 50% of the maximal inhibition force was attained. In addition, the relative frequency 
of twitches was determined by counting the number of twitches in a 5 minute period following drug addition 
and determining the change in rate from basal (absence of test compund). Results were then calculated as 
% inhibition of twitch frequency. Data are report as mean t SEM. 

45 

Results: 



50 Responses in rat portal vein: 

The potassium channel activators inhibited the spontaneous mechanical response in rat portal vein in a 
concentration dependent manner (Table I and Rgure 1). The spontaneous mechanical activity in the portal 
vein was slightly more sensitive to cromakalim and pinacidil than were the phenylephrine contractions in the 
55 aorta. The porta) vein was less sensitive to nicorandil and sodium nitroprusside. Additionally, sodium 
nitroprusside did not completely inhibit the twitch height even at concentrations up to 100 uM. The 
sensitivity of response to 8-bromo cyclic GMP and minoxidil and the cromakalin metabolite SQ 32,844 was 
similar in the two tissues. 
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Table II. 



Inhibition of spontaneous 


mechanical activity in rat portal 


vein by various vasodilators. 


Compound 


ICso (uW 


Cromakaiim 


0.12 


Pinacidil 


0.15 


Nicorandil 


5.1 


Minoxidil 


150 


SQ 32,844 


38 


Sodium nitroprusside 


0.042*' 


8-Bromo cyclic GMP 


43 



*Mean ± SEM of four cumulative concentration response curves 
for all agonists except cromakaiim and pinacidil (N = 5). 
^ICso taken at 50% of the maximum inhibition attained. 



20 



The test compounds, with the exception of sodium nitroprusside, reduced the frequency of twitches in a 
concentration dependent manner at approximately the same concentrations needed to reduce twitch height. 
Sodium nitroprusside increased twitch frequency with increasing concentration. 

The spontaneous mechanical activity of the portal vein is thought to result from opening of voltage 
dependent calcium channels in response to depotarization associated with pacemakers. Thus, the portal 
vein provides a good model to investigate the influence of the hyperpolarization by the potassium channel 
activators on the voltage dependent channels. The inhibitory effects of the potassium channel activators 
involves a dose dependent reduction in twitch height with a concomitant reduction in twitch frequency. The 
decrease in force may be due to the hyperpolarizing influence of the potassium channel activators 
counteracting the depolarizing effect of the pacemakers, thereby leading to an effective blockade of the 
voltage dependent calcium channels. The hyperpolarization could also increase the time needed for the 
smooth muscle membranes to reach threshold, thus reducing the twitch frequency. Cromakaiim, pinacidil, 
minoxidil, and SQ 32.844 exhibited similar potencies in the aorta and portal vein. The reduced potency of 
nicorandil. a potassium channel activator with nitrate properties, and sodium nitroprusside may indicate that 
guanylate cyclase plays a lesser role in relaxation of the portal vein than the aorta. Interestingly, sodium 
nitroprusside actually caused an increase in twitch frequency with the reduction in twitch height. 8-Bromo 
cyclic GMP, which bypasses the activation of guanylate cyclase, exhibited similar potency in the two blood 
vessels and reduced twitch frequency and height. 

Conclusion: The inhibition of twitch height is an index of the potassium channel activating activity of the 

40 -II 

compounds tested. 

Figure 1 shows cumulative concentration response curves for inhibition of spontaneous force develop- 
ment in rat portal veins. Cromakalin (•) and pinacidil (■) were essentially equipotent followed by nicorandil 
(a). 8-bromo cyclic GMP (□). SQ 32.844 (0). and minoxidil (♦). Sodium nitroprusside (0) was incapable of 
inhibiting force development by more than 60% even at concentrations of 100 uM. Figure 2 shows 
cumulative concentration response curves for affecting the frequency of the spontaneous contractions. 
Symbols are the same as for Figure 1. With the exception of sodium nitroprusside. all the compounds 
decreased the frequency of the contractions in a concentration related fashion. Data are plotted as mean ± 
SEM of 4 veins from individual rats. 

For purposes of the present invention, potent potassium channel activators which may be employed in 
the method of the invention include cromakaiim and pinacidil which have an ICso of less than 2uM in the 
inhibition of spontaneous mechanical activity in rat portal vein and exclude nicorandil and minoxidil which 
have an ICso of 5.1 uM and 150 aM. respectively. 

The following working Examples represent preferred embodiments of the present invention. 



55 



Example 1 
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At. injectable solution for use in administering pinacidi! by intracoronary injection, by arterial angiog- 
raphy or inrravenously ts produced as follows: 



Pinacidil 


50 mg 


Methy! paraben 


5 mg 


Propyl paraben 


1 mg 


Sodiunn chloride 


25 g 


Water for injection qs. 


5 1. 



The pinacidil, preservatives and sodium chloride are dissolved in 3 liters of water for injection and then 
the volume is brought up to 5 Irters. The solution is filtered through a sterile filter and aseptically filled into 
prestenlized vials which are then closed with presterilized rubber closures. Each vial contains a concentra- 
tion of 75 mg of active ingredient per 150 ml of solution. 

The above injectable is suitable for use in inhibiting myocardial necrosis and Improving heart function 
during coronary occlusion and when administered during coronary occlusion and/or the reperfusion period. 



Example 2 



An injectable for use in inhibiting myocardial cell necrosis and improving myocardial function during 
ischemia and/or reperfusion is prepared as described in Example 1 except that the potassium channel 
activator employed is cromakaiim. 



Example 3 



A pinacidil formulation for use in inhibiting myocardial cell necrosis and improving myocardial function 
during myocardial ischemia and reperfusion suitable for oral administration is set out below. 

1000 tablets each containing 50 mg of pinacidil were produced from the following ingredients. 



Pinacidil 


50 g 


Corn starch 


50 g 


Gelatin 


7.5 g 


Avicel (microcrystalline cellulose) 


25 g 


Magnesium stearate 


2.5 g 



The pinacidil and corn starch are admixed with an aqueous solution of the gelatin. The mixture is dried 
and ground to a fine powder. The Avicel and then the magnesium stearate are admixed with the granulation. 
This is then compressed in a tablet to form 1000 tablets each containing 50 mg of active ingredient. 



Example 4 



A tablet formulation for use in inhibiting myocardial cell necrosis and improving myocardial function 
during myocardial ischemia and reperfusion is prepared as described in Example 3 except that cromakaiim 
is employed in place of pinacidil. 



Example 5 
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The following experiment was conducted to determine the effect of pinacidii, cromakaiim and nicorandi) 
on myocardial cell necrosis and heart function during myocardial ischemia and reperfusion. 

5 Method 

For the determination of the effect of the potassium channel activators pinacidii and BRL 34915 
(cromakaiim) on post-ischemic necrosis and function, isolated, buffer perfused rat hearts were used. Male 

70 Sprague-Dawely rats (450-550 g) were used for all experiments. The rats were anesthetized using 30 mg/kg 
sodium pentobarbital (i.p.) They were intubated and then treated with i.v. heparin (1000 U/kg). While being 
mechanically ventilated, their hearts were perfused in situ via retrogade cannuiation of the aorta. The hearts 
were then excised and quickly moved to a Langendorff apparatus where they were perfused with Krebs- 
Henseleit (1^5 mM CaClz) buffer at a constant pressure (80 mmHg). A saline-filled latex balloon attached to 

75 a metal cannula was then inserted into the left ventricle and connected to a Statham pressure transducer for 
measurement of left ventricular systolic and developed (LVDP) pressure. The hearts were allowed to 
equilibrate for 1 5 minutes at which time end diastolic pressure (EDP) was adjusted to 5 mm Hg and this 
was maintained for 5 minutes. Pre-ischemia, pre-drug function (HRXLVDP/1000), heart rate, and coronary 
blood flow (extracorporeal electromagnetic flow probe, Carolina f^edicai Electronics, King, N.C.) were then 

20 determined. 

Once the baseline measurements were made, the hearts were divided into 4 groups (n=4-6 each): 1. 
Hearts receiving vehicle. 2. Hearts receiving 1, 10 or 100 uM pinacidii. 3. Hearts receiving 1 or 7 uM BRL 
34915. 4. Hearts receiving 1, 10 or 100 uM nicroandil. Each heart received its respective treatment in the 
perlusion buffer for 10 minutes at which time functional and flow parameters were again measured. All 

25 hearts were then made globally ischemic by shutting off the perfusate for 25 minutes. Reperfusion was then 
instituted with the normal nondrug treated buffer. Reperfusion was maintained for 30 minutes at which time 
flow and functional parameters were again measured. Lactate dehydrogenase (LDH) release Into the 
reperfusion effluent was measured and this Is a measure of myocardial cell death or necrosis. The severity 
of ischemia was determined by the return of function during reperfusion, mitigation of contracture (lower 

30 end diastolic pressure) and LDH release. 



Results 

35 

Ail of the compounds used have been shown to be potassium channel activators and have a ranked 
order of potency as follows: BRL 34915 > pinacidii > nicorandil. This is shown on Figures 1 and 2 where 
spontaneously contracting guinea pig portal veins are relaxed by the various potassium activators of 
interest The inhibition of twitch height is an index of the potassium channel activating activity of these 
40 compounds. 

At 1 and 100 uM concentration, pinacidii did not show any marked anti-ischemic activity and at the 100 
uM dose, a tendency for toxic effects (before ischemia reduction in function) appeared. At the 10 uM 
concentration, pinacidii significantly improved post-ischemic cardiac function and reduced reperfusion end 
diastolic pressure (EDP) (contracture). These data are shown on Figure 3. At the doses used, pinacidii did 

45 not significantly reduce necrosis as measured by lactate dehydrogenase (LDH) release, however, it showed 
a tendency to do so. Nicroandil was not showed to be effective at any dose used and the data for 10 uM 
nicorandil are shown on Figure 3. On Figure 4, similar data are shown for 7 uM cromakaiim (BRL 34915). In 
this case, myocardisil function was improved during reperfusion and LDH release and thus necrosis were 
reduced. Thus, the potent potassium channel activators pinacidii and cromakaiim can reduce the severity of 

50 ischemia and improve post-ischemic recovery of function. This is important in patients undergoing coronary 
artery bypass and graft procedures as well as other methods of coronary recanalization. This is also 
important in patients undergoing episodes of transient ischemia as in many types of angina pectoris. 

55 Ctainns 

1. A potent potassium channel activator for use in reducing or eliminating myocardial cell necrosis, 
ischemia injury and/or reperfusion injury in mammalian species. 
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2. The potent potassium channel activator as defined in ciainn 1 for use by arterial angiograohy or oy 
intracoronary injection, intravencusty or orally. 

3. Tne potent potassiunn channel activator as defined in claim 1 for use by administration prior to during 
or after reperfusion. 

5 4. The potent potassium channel activator according to claim 1 for use by administration cunng 

coronary occlusion or ischemia and reperfusion. 

5. The potent potassium channel activator according to claim 1 for use by administration only during 
reperfusion. 

6. The potent potassium channel activator according to claim 1 which exhibits potent inhibition of 
10 spontaneous mechanical activity in rat portal vein and has an IC50 of less than about 2 uM. 

7. The potent potassium channel activator according to claim 1 which is pinacidil or cromakalim. 
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FIG. I 
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Tn« Scarcn Division consKMrs ih«t tn« preseni EuroDean oaieni appllcauon oo«s noi comply vmtn tna raauiramani et uniry o( 

inventton mna raiaies to several Inventions or groups ol Inventions. 

namely: 



See sheet -B- 



□ 



All further search fees have been paid witnin the fixed time limit. The present European search report has 
been drawn up lor ail cJaims. 

Only part ot the further searcn lees nave been paid within the fixed time limit The present European search 
report has been drawn up for tnose parts of the European patent appiicatJon which reiate to the inventions In 
respect of which search fees nave been paid, 

namely claims: 

Non« of the further search fees has been paJd within the fixed time UmiL The present European search report 
has been drawn up for those parts ot the European patent appicaiion which rdate to the Invention first 
mentioned In the ciaims. 



namely cOtms: 



J) 



European Patent 
Office 



Page 2 

PARTIAL EUROPEAN SEARCH REPORT Ap,»h«no« N.mi>cr 

EP 89 11 3117 



DOCUMENTS CONSIDERED TO BE RELEX ANT 



CLISSIFICATION OF THE 
APPUCATIOS am. CI 5) 



Catet«r\ ; 



CrtaboD of documciit with mdicabon, Hherc appropnate, 
of rcioant passages 



JOURNAL OF CARDIOVASCULAR PHARMACOLOGY, 
vol. 7, no. 5, September-October 1985, 
pages 875-883, Raven Press, New York, 
US; M.J. KERR et al.: "Suppression of 
ventricular arrhythmias after coronary 
artery ligation by pinacidil. a 
vasodilator drug" 

* Abstract; page 882 * 

EP-A-C 236 679 (CHUGAI SEIYAKU K.K.) 

* Page 2, lines 4-9 * 

JOURNAL OF CARDIOVASCUU^R PHARMACOLOGY, 
vol. 10, suppl . 8. 1987, pages S76-S84, 
Raven Press. New York, US; G.J. GROSS 
et al . : "Comparative effects of 
nicorandi 1 , nitroglycerin, nicotinic 
acid, and SG-86 on the metabolic status 
and functional recovery of the 
i schemic-reperf used myocardium" 

* Summary; pages S76-S83 * 

JOURNAL OF CARDIOVASCULAR PHARMACOLOGY, 
vol. 10, suppl. 8, 1987, pages S1-S9, 
Raven Press. New York, US; N. TAIRA: 
"Similarity and dissimilarity in the 
mode and mechanism of action between 
nicorandil and classical nitrates: An 
overview" 

* Summary; pages S1,S4,S6-S8 * 

EP-A-0 173 848 (BEECHAM GROUP PLC) 

* Page 1; claims 1.8,9 * 

BRITISH JOURNAL OF PHARMACOLOGY, vol. 
93, no. 3, March 1988, pages 541-552, 
THe Macmillan Press Ltd, GB; R.E. 
BUCKINGHAM: "Studies on the 
anti-vasoconstrictor activity of BRL 
34915 in spontaneously hypertensive 
rats; a comparison with nifedipine" 

* Pages 541.550,551 * 



Retcvaot 
to daon 



'1,2.6,7 



1,2,6 



1.2,6 



1.2,6,7 
1,2.6.7 



TECHNICAL FIELDS 
SEARCHED Ont. Cl.Sl 



European Patent 
Office 



Page 3 

PARTIAL EUROPEAN SEARCH REPORT A,phai„o. somb.. 

EP 89 11 3117 



DOCUMENTS CONSIDERED TO BE RELEVANT 



CLASSIf ICATIOV OF 
APPUCATION Onr CI 



JHl 

5) 



Category I 



Citation of document with indication, nberc appropriate, 
of relevant passages 



P.X 



P,X 



ARCHIVES OF PHARMACOLOGY, supplement to 
volume 329, 1985, 'Deutsche 
Pharmakol ogi sche Gesel 1 schaf t ' , 
Abstract of the 26th Spring Meeting, 
12th-i5th March 198B, Mainz, page R61. 
abstract no. 241, Springer 
International; D. ANGERSBACH et a1 . : 
"The effect of the novel 
anti-hypertensive agent BRIL 34915 on 
the nutriitional blood flow of rat 
Chronically ischaemic skeletal muscle" 

* The whole abstract * 

THE PHYSIOLOGIST, vol. 31, no. 4, 
August 1988, page A15G, abstract no. 
107.3, The American Physiological 
Society; G.J. GROVER et al.: "Coronary 
vasodilator and cardiac functional 
effects of the potassium channel 
activator cromakalim in ischemic and 
nonischemic rat and guinea pig hearts" 

* The whole abstract * 

GENERAL PHARMACOLOGY, vol. 20, no. 1. 
1989, pages 1-9, Pergamon Press pic, 
GB; T.C. HAMILTON et al . : "Cromakalim, 
nicorandil and pinacidil: novel drugs 
which open potassium channels in smooth 
muscle" 

* Pages 5-7 * 

JOURNAL OF CARDIOVASCULAR PHARMACOLOGY, 
vol. 12, no. 5, November 1988, pages 
587-592, Raven Press, Ltd. New York, 
US; T. ENDO et al . : "Reduction of size 
of myocardial infarction with 
nicorandil, a new antianginal drug, 
after coronary artery occlusion in 
dogs" 

* Summary; pages 587.589-591 * 

EP-A-0 354 553 (£.R. SQUIBB & SONS. 
INC. ) 

* Abstract; page 7, claims 38-41 * 



Relevant 
to claim 



1.2.6.7 



1,2,6.7 



1.2,6.7 



1,2,6 



TECHMCAL HELDS 
SEARCHED flit. U.5\ 



1.2.6.7 




Office 



uropean Patent 



EP 89 1 1 3117 



-B- 



LACK OF UNITY OF INVENTION 



Searcn Ctvision consioerj mat me ccsent Euroccan patent a optica iion coes not com cry ^ur\ trie ri 
invention and relates (o several inventions cr groups of mventicns. 
namely: 



Claims 1-6 (completely), 7 (partially) : The use 
of a potent potass i'jjn channel activator in general 
and pinacidil in particular for the manufacture of 
a medicament for the therapeutic application. 

Claim 7 (partially) : The use of cromakalim 
for the manufacture of a medicament for the thera- 
peutic application. 



EP 89 11 3117 -C- 



Claims searched completely 1,2,6,7. 

Claims 1,2,6,7 have been searched as though the claims had 
been drafted in the correct form: Use of the compound for 
the manufacture of a medicament for the therapeutic 
application (See Official Journal EPO 3/1985, pages 64-70). 

The expression "potent potassium channel activator*' does 
not make comnletely clear which chemical substance is ment 
(Art. 84 EPC) . 

Pinacidil and Cromakalim have been searched. 



See sheet -3- 



